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DESCRIPTION 
JOINT FOR SUPERCONDUCTING CABLE 

5 Technical Field 

[0001] The present invention relates to a joint for a superconducting cable, 
particularly a joint whose size can be decreased. 

Background Art 

10 [0002] In the field of a superconducting cable provided with a superconducting 
conductor composed of, for example, Bi-based high-Tc superconducting tapes or 
wires, researchers and engineers have been developing not only a single-phase 
cable, which is provided with one cable core, but also a multiphase cable, in 
which a plurality of cable cores are held together to form a multi- 

15 core-bundled-in-one type cable. Figures 2(A) and 2(B) show a three-phase su- 
perconducting cable, in which three cores are held together. A superconducting 
cable 100 has a structure in which three cable cores 102 are twisted together 
to be housed in a heat-insulated pipe 101. The meaning of the term "wire" 
used in this Description and in the accompanying Claims is not limited to a 

20 wire having a circular cross section. The meaning includes a wire having a 
rectangular cross section. 

[0003] The heat-insulated pipe 101 forms a dual pipe composed of an outer 
pipe 101a and an inner pipe 101b. Although not shown in Fig. 2(A), a 
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heat-insulating material is placed between the two pipes, and the space be- 
tween the two pipes is evacuated into vacuum. An anticorrosion layer 104 is 
formed on the outer pipe 101a. Each of the cable cores 102 is provided with a 
former 200, a superconducting conductor 201, an electrically insulating layer 
5 202, a shielding layer 203, and a protective layer 2Q4 in this order from the 
center. The superconducting conductor 201 is structured by helically winding 
superconducting wires in multiple layers on the former 200. The electrically 
insulating layer 202 is structured by wrapping tapes of semisynthetic insulat- 
ing paper. The shielding layer 203 is structured by helically winding on the 

10 electrically insulating layer 202 superconducting wires similar to those used as 
the superconducting conductor 201. In the shielding layer 203, an electric cur- 
rent having nearly the same magnitude as that of the current flowing in the 
superconducting conductor 201 is induced in a steady state and flows in the 
direction opposite to that of the current in the conductor 201. The magnetic 

15 field produced by the induced current cancels out the magnetic field produced 
by the current flowing in the superconducting conductor 201. As a result, the 
magnetic field leaking to the outside of the cable core 102 can be decreased to 
nearly zero. Usually, interstices 103 produced by the inner pipe 101b and the 
individual cable cores 102 are used as the coolant channel. 

20 [0004] When such a multiphase superconducting cable is used to construct a 
long-distance transmission line, it is necessary to use a joint to joint cable 
cores drawn out of neighboring cables at some midpoint in the line. An exam- 
ple of such a joint is stated in the Patent Document 1. The structure of this 
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joint is shown in Fig. 3. Figure 3 shows that ends of the neighboring super- 
conducting conductors 201 housed in a joint box 500 are jointed with each 
other with a jointing ferrule 510 made of normally conducting material such as 
copper. A stress relief cone 520 is placed over the end portions of the super* 
5 conducting conductors 201 and the jointing ferrule 510. The stress relief cone 
520 is supported with supporting rods 530 made of fiber-reinforced plastic 
(FRP). The cable core 102 in the joint box is supported with a supporter 540 
made of FRP. (See the Patent Document 1.) 

[0005] Patent Document l: published Japanese patent application Tokukai 
10 2000-340274 (Figure l) 



Disclosure of Invention 

Problems to be Solved by the Invention 

[0006] However, the above-described technology has the following drawbacks. 

15 [0007] (l) The joint has a large amount of heat generation. 

The foregoing joint uses a normally conducting material as the jointing fer- 
rule. Consequently, this portion has a conductor resistance larger than that of 
the superconducting conductor and generates heat at the joint due to the Joule 
loss. As a result, the cooling system for the coolant is burdened. 

20 [0008] (2) The joint has a large size. 

The foregoing joint uses a jointing ferrule having an outer diameter larger 
than that of the superconducting conductor. This configuration produces lon- 
gitudinal electrical stress in the insulation. To relieve this stress, it is neces- 
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sary to provide a stress relief cone. The stress relief cone is formed by wrap- 
ping sheets of insulating paper, for example. As a result, the size of the joint 
increases both radially and longitudinally. In addition, because the stress relief 
cone is formed by using a large amount of insulating paper, which has large 
5 thermal resistivity, the stress relief cone has large thermal resistance. The 
combination of this large thermal resistance and the heat generation at the 
jointing ferrule due to the Joule loss can cause the joint to become the largest 
bottle neck in the cooling system. 

[0009] (3) The joint may produce a pressure loss in the coolant. 

10 The foregoing joint is provided with the stress relief cone and the FRP sup- 
porting rods to support the stress relief cone. The supporting rods may become 
an obstacle against the flow of the coolant, producing a pressure loss. This 
pressure loss may adversely affect the cooling ability for the joint. 
[0010] In view of the above -de scribed circumstances, a main object of the pre- 

15 sent invention is to offer a joint for a superconducting cable, which joint can be 
decreased in size. 

[0011] Another object of the present invention is to offer a joint for a super- 
conducting cable, which joint can suppress the generation of the Joule loss in 
it. 

20 

Means for Solving the Problems 

[0012] According to the present invention, the foregoing objects are attained by 
jointing butted superconducting conductors with each other such that the su- 
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perconducting conductor in the joint has the same diameter as that of the su- 
perconducting conductor at anywhere else. 

[0013] A joint of the present invention is a joint for a superconducting cable. 
The joint is for jointing two lengths of the superconducting cable with each 
5 other. The superconducting cable is provided with a former, a superconducting 
conductor, and an insulating layer. The construction of the joint includes the 
following steps- 

(a) preparing a jointing ferrule for jointing the formers; 

(b) sliding the jointing ferrule over the end portions of the formers to be 
10 jointed; 

(c) butting the end faces of the formers against each other in the jointing 
ferrule; 

(d) compressing the jointing ferrule so as to joint the formers such that the 
compressed ferrule has a diameter equal to that of the former of the super- 

15 conducting cable; 

(e) butting the end faces of the superconducting conductors to be jointed 
against each other at the outside of the compressed ferrule; and 

(£) jointing the superconducting conductors with each other such that the 
jointed superconducting conductors have a diameter equal to that of the 
20 superconducting conductor of the superconducting cable. 

[0014] In the foregoing steps, first, a conductor-jointing ferrule is slid over the 
butted formers to be jointed. The ferrule is compressed with a hydraulic press 
such that the compressed ferrule has a diameter practically equal to that of 
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the former of the superconducting cable. This method enables the jointing of 
the formers without increasing the diameter of the jointed portion. Conse- 
quently, the diameter of the superconducting conductor placed over the former, 
also, can be suppressed from increasing only at the jointed portion. Therefore, 
5 the superconducting conductors can be jointed either by directly butting them 
or by slightly overlapping them. On top of that, this method eliminates the 
necessity of the use of the stress relief cone As a result, the joint can be de- 
creased in size, particularly in diameter. 

[0015] Because the superconducting conductors can be jointed directly, it is not 
10 necessary to use a jointing ferrule made of a normally conducting conductor. 
Therefore, the generation of the Joule loss can be suppressed. 
[0016] Here, it is desirable that the formers be jointed by the compression 
jointing method using a jointing ferrule. To enable this method, it is desirable 
that the former have a solid-core structure or a stranded-wire structure. This 
15 type of structure includes one in which a plurality of metal wires are stranded. 
[0017] To enable the compression jointing, it is desirable that the jointing fer- 
rule be a metal ferrule that can readily deform plastically. Most typically, a 
copper ferrule is available. The thickness of the ferrule is determined such 
that the cross -sectional area of the ferrule after the compression can be se- 
20 cured to be, for example, at least 50 percent of the nominal cross- sectional area 
of the former of the superconducting cable. By using the foregoing ferrule, the 
compression jointing is performed such that the compressed ferrule has a di- 
ameter practically equal to that of the former. This method readily secures the 
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current-carrying capacity and mechanical strength at the jointed portion. 
[0018] The types of the superconducting conductor include one having a struc- 
ture in which superconducting wires are helically wound on the former. The 
superconducting wire is formed by embedding a number of, for example, 
5 Bi-2223 superconducting filaments in a matrix of silver or the like. The super- 
conducting wires are usually wound in multiple layers. The superconducting 
conductors can be jointed by soldering, for example. The direct jointing of the 
superconducting conductors without the intervention of a normally conducting 
conductor can eliminate the Joule loss due to the presence of the normally con- 

10 ducting conductor. 

[0019] It is desirable that the joint be provided with a restoring insulating 
layer at the outside of the superconducting conductor such that the restoring 
insulating layer has a diameter equal to that of the insulating layer of the su- 
perconducting cable. The restoring insulating layer is a member for securing 

15 the electrical insulation at the joint. The restoring insulating layer can be 
formed by wrapping insulating paper, for example. In this case, unlike the 
stress relief cone, it is not necessary to increase the thickness and to form a 
spindle-type shape. Therefore, the size of the joint can be decreased considera- 
bly in comparison with that of the conventional joint. 

20 [0020] The superconducting cable to be jointed by using a joint of the present 
invention may further be provided with a shielding layer. For example, the 
shielding layer is formed by helically winding or linearly arranging supercon- 
ducting wires similar to those used as the superconducting conductor on the 
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insulating layer. In this case, also, the above-described restoring insulating 
layer is provided at the outside of the superconducting conductor in the joint. 
The restoring insulating layer, also, has a diameter equal to that of the insu- 
lating layer of the superconducting cable. It is desirable that the shielding 
5 layers butted at the outside of the restoring insulating layer be jointed with 
each other such that the jointed shielding layers have a diameter equal to that 
of the shielding layer of the superconducting cable. This structure can sup- 
press the diameter of the joint from increasing even for the cable having the 
shielding layer. The shielding layers can also be jointed with each other by 

10 soldering, for example. 

[0021] Usually, superconducting cables have a channel for a coolant that cools 
the superconducting conductor (when the shielding layer is provided, it is also 
cooled by the coolant). It is desirable that a joint of the present invention be 
provided with an outer case that can secure a coolant channel having a 

15 cross-sectional area nearly equal to that of the coolant channel of the super- 
conducting cable. The securing of the coolant channel having a cross-sectional 
area nearly equal to that of the coolant channel of the superconducting cable 
at the joint can suppress the pressure loss of the coolant at the joint. The outer 
case can be constituted with a heat-insulated case covering the restoring insu- 

20 lating layer of the joint, for example. When the joint is provided with a shield- 
ing layer, the outer case can be a heat-insulated case covering the shielding 
layer. It is desirable that the outer case be structured such that it can be di- 
vided into short sections. The divided structure of the outer case enables the 
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assembling work of the joint in a narrow working space. 

[0022] A joint of the present invention can be used not only for jointing sin- 
gle-core superconducting cables but also for jointing the individual cores of 
three-core-twisted superconducting cables, 

5 

Advantageous Effect of the Invention 

[0023] According to a joint of the present invention, the jointed portion of the 
former can be formed such that its diameter is nearly equal to that of the for- 
mer of the superconducting cable. As a result, the size of the joint can be de- 
10 creased. In addition, no normally conducting conductor is required to intervene 
for jointing the superconducting conductors. Therefore, the heat generation 
due to the Joule loss can be suppressed. 

Brief Description of the Drawing 
15 [0024] Figure 1 is a partial longitudinal sectional view of a joint of the present 
invention. 

Figure 2(A) is a cross-sectional view showing a superconducting cable to be 
jointed by using a joint of the present invention. 

Figure 2(B) is a perspective view showing one of the cable cores shown in Fig. 
20 2(A) in a state in which individual members are exposed on a step-by-step ba- 
sis. 

Figure 3 is a partial sectional view of a conventional joint. 
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Explanations of Letters or numerals 

[0025] 100; three-phase cores superconducting cable, 101; heat-insulated pipe, 
101a; outer pipe, 101b; inner pipe, 102; cable cores, 103; interstice, 104; anti- 
corrosion layer, 200; former, 201; superconducting conductor, 202;insulating 
5 layer, 203; shielding layer, 204; protective layer, 300; jointing ferrule, 310; 
outer case, 311, 312; divided halves, 320; restoring insulating layer, 500; joint 
box, 510; jointing ferrule, 520; stress relief cone, 530; 540; supporting rod, sup- 
porter. 

10 Best Mode for Carrying Out the Invention 

[0026] Embodiments of the present invention are explained below. The ratio of 
the dimensions in the drawing does not necessarily coincide with that of the 
explanation. 

[0027] The structure of the superconducting cable to be jointed is first ex- 
15 plained before the explanation of a joint of the present invention. The super- 
conducting cable to be jointed by using the joint has a structure similar to that 
of the superconducting cable 100 explained by referring to Figs. 2(A) and 2(B). 
More specifically, the three cores 102 are housed in the heat-insulated pipe 101. 
Each of the cores 102 is provided with the former 200, the superconducting 
20 conductor 201, the insulating layer 202, the shielding layer 203, and the pro- 
tective layer 204 in this order from the center. The former 200 is structured by 
stranding a plurality of copper wires in multiple layers. The superconducting 
conductor 201 is structured by helically winding superconducting wires in 
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multiple layers on the former 200. The superconducting wire is formed by em- 
bedding a number of Bi-2223 superconducting filaments in a silver matrix. The 
insulating layer 202 is structured by wrapping on the superconducting con- 
ductor 201 tapes of semisynthetic insulating paper, which is produced by 
5 laminating insulating paper and polypropylene film. The shielding layer 203 is 
structured by helically winding in multiple layers on the insulating layer 202 
superconducting wires similar to those used as the superconducting conductor 
201. 

[0028] Figure 1 shows a joint that joints the above-described superconducting 
10 cables 100 with each other. When the superconducting cables are jointed with 
each other, the individual cores are exposed in some length from the end of the 
heat-insulated pipe, and the exposed length of each of the layers 
core -constituting members is adjusted at the end portion of the core. More spe- 
cifically, the length of the former 200, the superconducting conductor 201, and 
15 the shielding layer 203 is maintained unchanged from the moment the core is 
exposed. On the other hand, a predetermined length of the insulating layer 
202 is removed from the cut end of the core. In order to remove the insulating 
layer 202, the end portion of the shielding layer 203, which is structured by 
winding the superconducting wires, is spread out by unwinding the wires, so 
20 that the insulating layer 202 is exposed. Under this condition, the predeter- 
mined length of the insulating layer 202 is removed. The removing length is 
determined such that the length can allow the sufficient implementation of the 
below-described compressing operation of the jointing ferrule 300 to the former 
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200. Although not shown in the drawing, there is an alternative method. In 
this method, a predetermined length of each of the superconducting conductor, 
the insulating layer, and the shielding layer is e«t removed from the end of the 
exposed core, so that a predetermined length of the former is exposed. When 
5 this method is employed, after the formers are jointed, the superconducting 
conductors are jointed with one another through the intervention of separately 
prepared superconducting wires for the jointing. The same procedure is ap- 
plied to the jointing of the shielding layers. 

[0029] To joint a pair of superconducting cables with each other, first, the be- 
10 low-mentioned divided halves 311 and 312 of the outer case 310 are slid over 
the end portion of the grouped three cores. Then, the outer case 310 is moved 
along the cores to a place remote from the end portion of the cores. Notwith- 
standing the above explanation, only one core is shown in Fig. 1. 
[0030] A jointing ferrule 300 is prepared that has a thickness sufficient to se- 
15 cure the cross-sectional area that is at least 50 percent of the nominal 
cross-sectional area of the former 200 after the compression of the ferrule. The 
former 200 is inserted into the ferrule 300 from each end. In this case, the fer- 
rule 300 is used that is produced by using a tough pitch copper rod (1100BD) 
and that has an inner diameter slightly larger than the outside diameter of the 
20 former. Under this condition, the jointing ferrule 300 is compressed to joint the 
formers 200 with each other. This jointing operation causes the ferrule to dig 
into the former, so that after the compression of the ferrule, the diameter of 
the jointing ferrule 300 becomes practically equal to that of the former at the 
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place other than the compressed portion. 

[0031] Subsequently, the superconducting conductors 201 are jointed by sol- 
dering on the jointed former 200. Because no diameter difference exists be- 
tween the surface of the compressed ferrule and that of the former, when the 
5 superconducting wires are jointed either by rewinding previously unwound 
and spread out superconducting wires or by preparing separate superconduct- 
ing wires for jointing, the superconducting conductors 201 themselves can be 
jointed without the diameter difference between the place where the conduc- 
tors cover the compressed ferrule 300 and the place other than that place. On 

10 top of that, it is not necessary to use a normally conducting material as an in- 
tervening member to joint the superconducting conductors. Therefore, this 
structure can suppress the heat generation due to the Joule loss at the joint. 
[0032] Next, a restoring insulating layer 320 is formed on the jointed super- 
conducting conductor 201. The predetermined length of the insulating layer 

15 202 is previously removed from the end of the individual cores of the super- 
conducting cable. The removed portion can be restored by wrapping the insu- 
lating paper, for example. Thus, the restoring insulating layer 320 is formed. 
The diameter of the restoring insulating layer 320 is also adjusted so as to co- 
incide with that of the insulating layer 202 of the core. Because both the su- 

20 perconducting conductor a* and the member that is electrically connected with 
the conductor do not radially bulge at any local positions, it is not necessary to 
form the stress relief cone. Consequently, the required electrical insulation can 
be secured even with the restoring insulating layer 320 having the same 
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thickness as that of the insulating layer 202 of the core. 

[0033] Next, the restoring insulating layer 320 is covered with the shielding 
layer 203 either by rewinding the previously unwound and spread out super- 
conducting wires or by preparing separate superconducting wires for jointing. 
5 In the former case, the superconducting wires are jointed with one another by 
soldering. In the latter case, the superconducting wires forming the shielding 
layer and the separately prepared superconducting wires for jointing are 
jointed with each other by soldering. By the above-described method of jointing 
the shielding layers 203, the shielding layers 203 themselves can be jointed 
10 without the diameter difference between the place where the shielding layers 
cover the restoring insulating layer 320 and the place other than that place. 
When the individual members of the core are jointed by the above-described 
procedure, the jointed portion can have the same diameter as that of the core 
of the superconducting cable. In other words, the size of the joint can be de- 
15 creased to the smallest possible degree. 

[0034] Subsequently, the divided halves 311 and 312 of the outer case, which 
are previously moved along the cores to a place remote from the end portion of 
the cores, are returned to the place just outside the formed restoring insulat- 
ing layer 320, so that they are jointed with each other at this place. The di- 
20 vided halves 311 and 312 are each a circular cylinder having a heat-insulating 
structure. Their one end has a diameter larger than that of the other end. The 
open end at the larger-diameter side of the divided half 311 is butted against 
that of the divided half 312. The butted portion is consolidated either by weld- 
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ing or by using flanges which are securely tightened with bolts. The consolida- 
tion of the divided halves 311 and 312 forms the outer case 310, which has a 
smaller diameter at both end portions and a larger diameter at the center por- 
tion. Although not shown in Fig. 1, both ends of the outer case 310 are each 
5 jointed with the end of the heat-insulated pipe 101 of the superconducting ca- 
ble (see Fig. 2(A)). 

[0035] The inside diameter of the smaller-diameter portions of the outer case 
310 is designed to be equal to or larger than the inside diameter of the 
heat-insulated pipe of the superconducting cable. The space between the inside 
10 wall of the outer case 310 and the outside surface of the shielding layer is used 
as the coolant channel. Therefore, the foregoing design secures the coolant 
channel having a cross-sectional area nearly equal to that of the coolant chan- 
nel in the superconducting cable. As a result, the pressure loss of the coolant at 
the joint can be suppressed. 

15 

Industrial Applicability 

[0036] A joint of the present invention is expected to be used for jointing su- 
perconducting cables in a superconducting cable line used as an electric-power 
transmission line or the like. 
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